Existing Phase 2 cardiac rehabilitation services are currently underutilised and improving access will be necessary because of ageing of the population and falling case-fatality rates. The Spatial Model of Accessibility to Phase 2 Cardiac Rehabilitation Programs was developed to quantify accessibility to out-patient cardiac rehabilitation in Australia. A geographic information system (GIS) was used to combine both geographic and socio-economic aspects of accessibility. The model was developed by integrating the socio-economic information gathered by survey and incorporating a distance decay model.
Introduction
Over the past century, average Australian mortality rates have fallen significantly, with life expectancies rising for both men and women (Swan 2010) . The fall in mortality rates has added to population growth and the proportion of older people in the Australian population. The impending rapid growth of Australia's older population has important implications for provision of services which are particularly needed by older people (Hugo 2010 ). This challenge is not only because there are many more Australians surviving to old age than in previous generations, but it may well be that on average they are sicker because of a decrease in case-fatality rates and improved survival after acute events (Hugo 2010) . This age-associated shift is typified by the burden of cardiovascular disease (CVD), the major public health problem within Australia and many other countries.
Although mortality rates from acute events (heart attack and stroke) have been declining, the burden associated with CVD is enormous and is becoming more associated with chronic disabling illness (notably heart failure or following non-fatal stroke) (Access Economics Pty Ltd 2005). There were an estimated 3.4 million people living with CVD in 2007-08 (Australian Institute of Health and Welfare 2012). CVD occurred more commonly among the elderly, with 62 percent of those aged 75 years and older having a cardiovascular condition compared with 5 percent of those aged under 45 years (Australian Institute of Health and Welfare 2012). The Australian Institute of Health and Welfare (2012) believe that due to improved treatment and management of risk factors for cardiovascular disease the burden of death and disability will shift to older age groups within the Australian population. This age-associated shift, combined with the growing number of older Australians, is *Corresponding author. Email: deborah.vangaans@unisa.edu.au likely to add considerably to health care costs in the future.
Cost-effective investment in research, prevention and management in the past decade in Australia has reduced CVD events and mortality rates and arrested growth in health costs over the medium term (Access Economics Pty Ltd 2005). As well as facilitating recovery, cardiac rehabilitation programs function as launching pads for secondary prevention of cardiovascular disease (Goble & Worcester 1999) . Cardiac rehabilitation also aims to give people the confidence, motivation and skills to make a lifelong commitment to a healthy lifestyle and greater well-being (National Health and Medical Research Council 2007) . However, establishing ongoing community-based approaches is also essential (the National Heart Foundation's Recommended Framework for Cardiac Rehabilitation 2004).
Despite evidence showing the cost-effectiveness of outpatient cardiac rehabilitation, this is still underutilised in Australia (Access Economics 2009). However, Bunker and Goble (2003) have identified that access to cardiac rehabilitation is one of the major factors affecting the utilisation of Phase 2 Cardiac Rehabilitation programs, especially in rural and remote areas within Australia. This is despite the World Health Organisation (1993) and the National Heart Foundation of Australia (2004) recommending that cardiac rehabilitation, incorporating secondary prevention programs, should be available to all patients with cardiovascular disease.
While studies like Clark (2007) highlight the inequitable distribution of cardiovascular services in Australia. Rosenberg and Hanlon (1996) have argued that the existence of a health care facility within a geographic location is not enough to ensure access. This is because barriers to accessing cardiac rehabilitation services are not just related to physical distance and the availability of reliable transport (National Health and Medical Research Council 2007) . Therefore there is a need to measure accessibility beyond distance, as accessibility based on travel time, cost or distance only provides a partial view of access to services. In reality, people trade off geographical and non-geographical factors in making decisions about health service utilisation (Cromley & McLafferty 2002) .
The Spatial Model of Accessibility to Phase 2 Cardiac Rehabilitation Programs described here has utilised Penchansky and Thomas's (1981) dimensions of accessibility as a framework by spatially modelling the accessibility, availability, accommodation, affordability and acceptability of each Phase 2 cardiac rehabilitation program in Australia. The spatial accessibility model for Phase 2 cardiac rehabilitation was created using ESRI ArcGIS version 9.3.1, ESRI Network Analyst. The results from the Cardiac Accessibility Survey for the socio-economic dimensions of accessibility as defined by Penchansky and Thomas (1981) were combined to give an overall rating of accessibility for each of the Phase 2 cardiac rehabilitation programs that responded to the survey. The overall accessibility rating for each of the Phase 2 cardiac rehabilitation programs was then combined with the road network from Geoscience Australia and the distance decay curve of patients attending cardiac rehabilitation, to construct accessibility raster cost distance surfaces along the road network from each of the Phase 2 cardiac rehabilitation programs.
Method
A review of available literature on barriers to the uptake of cardiac rehabilitation services within Australia was undertaken. Using Penchansky and Thomas's (1981) five dimensions of accessibility as a structural framework, the information obtained from the literature review was used to form a series of questions (see Table 1 ). The questions were both openended and closed. These questions were then organised into a formal questionnaire which 1 min of extra travel time was associated with a 14% reduction in the likelihood of attendance, and 10 min of extra travel time corresponded to a 77% reduction. Higgins et al. (2008) This is highlighted by the fact that attendees lived an average of 15.4 km from the facility providing the CR program whereas non-attenders lived an average of 40.4 km from the facility. Easy access to transport is a principal enabler of CR attendance. De Angelis et al. (2008 ) Aikman et al. (1996 found the patient characteristics that influenced attendance were 'wanting to attend', 'partner wanting to attend' and 'living less than 15 km from the program'.
Availability -de-
fines the supply of services in relation to needs -are the types of services adequate to meet health care needs? 'Many CR programs have an age limit on attendance. ' Schulz and McBurney (2000) , Pell et al. (1996) and McGee et al. (1992) Which of the following age groups do you allow to use your cardiac rehabilitation program? All ages, <15, 15-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, 85+. 'Exclusions were on the basis of age, a positive exercise tolerance test, post-infarct angina or heart failure, despite the fact they may have benefitted the most from exercise cardiac rehabilitation. ' Tod et al. (2002) According to discharge diagnosis, what type of patients do you allow into your cardiac rehabilitation program ? (please tick all of those that apply).
'The most significant factor in the prediction of CR attendance was referral to the program. ' Schulz and McBurney (2000) Do the people that utilise your cardiac rehabilitation program require a referral? (please circle) Yes / No. If Yes, where do people usually get referred from?
Accommodationidentifies the degree to which services are organised to meet clients' needs, including hours of operation, application procedures and waiting times. 'Some patients interpreted cardiac rehabilitation as exercise only.
This was a barrier when people did not see exercise for them. ' Tod et al. (2002) Which of the following are included in your cardiac rehabilitation program (please tick all that apply)? Health education, physical activity, counselling, behaviour modification strategies, support for self-management, cultural understanding.
'The provision of home as well as hospital-based CR may be an important means of addressing the suboptimal uptake of CR after MI. ' Wingham et al. (2006) Within what type of setting is the cardiac rehabilitation program run (tick all that apply): within an acute public hospital, within an acute private hospital, within an Aboriginal Medical Service, within a non-acute/community hospital, within a public community health centre/service, within a private outpatient service, as part of an outreach service to communities, telephone service, home visits, internet.
Some participants advocated the delivery of education and exercise in a group setting. Others found it inappropriate and unappealing. Tod et al. (2002) What type of sessions do you provide? Group only, individual only, group and individual.
'Home-based CR models have the most substantive evidence base and therefore the greatest potential to be developed and made accessible to eligible people living in rural and remote areas. ' Dollard et al. (2004) When is your cardiac rehabilitation program available to patients (please indicate operating hours):
Affordabilityrefers to the price of services in regard to people's ability to pay. 'Reasons for not participating include lack of time, lack of referral or physician support, financial reasons, lack of motivation, perceptions of the benefits, distance and transportation, family composition, nature of the program and work commitments. ' Shepherd et al. (2003) .
Is there a cost associated with attending your cardiac rehabilitation program that is not covered by medicare? Yes / No.
If Yes, what is the cost?
Patients on a low income or who are socially deprived are less likely to attend but, as with the elderly or female patients, may have the most to gain from secondary prevention because there is a linear relationship between socioeconomic status and cardiac outcome. Cooper et al. (2002) Acceptabilitydescribes clients' views of health services and how service providers interact with clients. 'While the evidence underpinning cardiac rehabilitation suggests that it can be of benefit, poor attendance rates mean that services often fail to help those in need. ' Clark et al. (2004) . 12 of the emails that were sent no longer had valid email addresses. As a result of the poor response rate from the pilot testing, traditional post was considered to be the preferred method of survey delivery. In October 2008 a postal survey of all 401 cardiac rehabilitation services in Australia was undertaken to collect information on the accessibility of their Phase 2 cardiac rehabilitation programs for the 2007/2008 financial year. Every cardiac rehabilitation program was mailed a questionnaire and given 3 weeks to return it in a pre-paid envelope. Incentive for the return of the questionnaire was provided by 'The Heart Shop' in the form of a polar heart rate monitor. This was given at random to one of the cardiac rehabilitation services that returned their questionnaire. A total of 39 cardiac rehabilitation services did not reply to the questionnaire. These services were given a follow-up phone call requesting information but they were still unable to provide information. Many of the cardiac rehabilitation coordinators for these services stated that they did was sent to each of the cardiac rehabilitation programs within Australia (n = 401).
The names and addresses of these cardiac rehabilitation services were obtained from both a register developed by the National Heart Foundation of Australia (NHF) and the Australian Government National Health and Medical Research Council's report 'Geographic Information System of Cardiac Rehabilitation Services for Aboriginal and Torres Strait Islander Peoples ' (2007) . The address lists were combined and duplicates were removed.
An initial pilot survey was undertaken in July 2008, using a subsample of 20 cardiac rehabilitation services from the total population (n = 401). The cardiac rehabilitation services were chosen at random and were used to test the suitability of the Cardiac Rehabilitation Accessibility Survey questionnaire and the method of its delivery. The questionnaires were sent to the rehabilitation coordinators for each cardiac rehabilitation service via email. Only three questionnaires were returned and program'. Similar findings were found by Schulz and McBurney (2000) , who identified that the factors that predicted cardiac rehabilitation attendance in 93.6 percent of cases were being referred to the program, living an average of 27 km away compared to an average of 47 km, living with a partner and being male. Higgins et al. (2008) found that patients were less likely to attend CR as travel time increased: 1 min of extra travel time was associated with a 14 percent reduction in the likelihood of attendance, and 10 min of extra travel time corresponded to a 77 percent reduction. Higgins et al. (2008) found that travel time significantly predicted CR attendance (OR, 0.86; P = .039). Research by Brual et al. (2010) revealed that patients are significantly less likely to enrol in cardiac rehabilitation programs with drive times greater than 60 min. Higgins et al. (2008) Penchansky and Thomas (1981) refer to as 'accessibility') for the Spatial Model of Accessibility to Phase 2 Cardiac Rehabilitation was derived by constructing a distance decay model. If travel times only were published then they were converted, using 60 km/h, to a distance. The distances were fitted to a curve within Microsoft Excel and XLfit and an exponential curve representing the distance decay of patients attending cardiac rehabilitation was created (refer to Figure 1) .
The street addresses for each Phase 2 cardiac rehabilitation program were obtained through the Cardiac Rehabilitation Accessibility Survey. Using Aus-emaps.com Manual Geocoder each Phase 2 cardiac rehabilitation program was given a spatial reference.
not have the time to fill out the questionnaire (n = 28), that they did not run a Phase 2 cardiac rehabilitation program (n = 9), or could just not be contacted (n = 2). The return rate for the questionnaire was 84 percent, with 362 responses being returned; however, 158 of the questionnaires that were returned stated that they did not manage a formal Phase 2 cardiac rehabilitation program. This resulted in a total of 204 questionnaires being available for analysis. Using the data from the Cardiac Rehabilitation Accessibility Survey each program was assessed based on the theory of accessibility developed by Penchansky and Thomas (1981) , which included the following five dimensions of access:
a. Accessibility -describes geographical barriers, including distance, transportation, travel time and cost. b. Availability -defines the supply of services in relation to needs -are the types of services adequate to meet health care needs? c. Accommodation -identifies the degree to which services are organised to meet clients' needs, including hours of operation, application procedures and waiting times. d. Affordability -refers to the price of services in regard to people's ability to pay. e. Acceptability -describes client's views of health services and how service providers interact with clients.
Accessibility
A well-documented barrier to accessing cardiac rehabilitation programs is the distance patients are required to travel to obtain the service, with those who have further to travel not attending (Johnson et al. 2001, p. 294) . Aikman et al. (1996) found the patient characteristics that influenced attendance were 'wanting to attend', 'partner wanting to attend' and 'living less than 15 km from the elevation MI), coronary revascularisation procedures, stable or unstable angina, controlled heart failure, or other vascular or heart diseases (National Heart Foundation and ACRA 2004). Disease codes and their associated descriptions were obtained from the South Australian Department of Health and codes which matched the National Heart Foundation and the Australian Cardiac Rehabilitation Association's recommendations were used in the Cardiac Rehabilitation Accessibility Survey. Responses to the Cardiac Rehabilitation Accessibility Survey question 'According to discharge diagnosis, what types of patients do you allow into your cardiac rehabilitation program? (please tick all of those that apply)' were represented as a percentage within the spatial model. The age of patients able to access cardiac rehabilitation programs was also included in the availability component of the spatial model. Pell et al. (1996) , McGee et al. (1992) and Schulz and McBurney (2000) found that many cardiac rehabilitation programs have an age limit on attendance. However, results from the Cardiac Rehabilitation Accessibility Survey revealed that 67 percent of the Phase 2 cardiac rehabilitation programs accepted patients of all ages. The Phase 2 cardiac rehabilitation programs that allowed only specific age groups into their programs were represented as a percentage of the total age allowed into the program in the spatial model.
Accommodation
Accommodation was defined by Penchansky and Thomas (1981) as the degree to which services are organised to meet clients' needs. Therefore the accommodation rating component of each Phase 2 cardiac rehabilitation program within the spatial model was calculated using the following formula:
Availability
Availability as defined by Penchansky and Thomas (1981) is the supply of services in relation to needs. Therefore the availability rating component of each Phase 2 cardiac rehabilitation program within the spatial model was calculated using the following formula:
where: a = availability rating of the Phase 2 cardiac rehabilitation program, b = referral required to enter the program, c = the percentage of diseases accepted into the program, d = age range accepted into the program, e = the total number of availability components.
Referral to the Phase 2 cardiac rehabilitation program was seen by Schulz and McBurney (2000) as the most significant factor in the prediction of cardiac rehabilitation attendance. Using the results from the Cardiac Rehabilitation Accessibility, Phase 2 cardiac rehabilitation programs that answered yes to 'Do the people that utilise your cardiac rehabilitation program require a referral to access your program?' were given a score of 1.
Availability of cardiac rehabilitation is also affected by patient clinical characteristics. Tod et al. (2002) found that exclusions were often based on age, a positive exercise tolerance test, presence of angina following myocardial infarction (heart attack) or heart failure. Defining which coronary heart disease patients should be accessing Phase 2 cardiac rehabilitation programs was determined by one of the authors (AMT) with reference to the National Heart Foundation of Australia and the Australian Cardiac Rehabilitation Association's, 'Recommended Framework for Cardiac Rehabilitation '04'. They recommended that the core group of patients eligible for cardiac rehabilitation are those who have had myocardial infarction (ST elevation MI, non-ST
Phase 2 cardiac rehabilitation program should consist of: health education, physical activity, counselling, behaviour modification, support of self-management and cultural understanding. These components of Phase 2 cardiac rehabilitation programs were included in the Cardiac Rehabilitation Accessibility Survey, and respondents were asked to tick all of the components that applied to their program. Aspects were equally weighted and scored for a positive response, and the sum was included in the spatial model.
The setting in which the Phase 2 cardiac rehabilitation program is delivered can also be considered an accommodation component of the spatial model. Results from the Cardiac Rehabilitation Accessibility Survey for the question 'Within what type of setting is the cardiac rehabilitation program run: (tick all that apply)' were used. The Phase 2 cardiac rehabilitation program coordinators were asked to select from the following settings: acute public hospital, acute private hospital, Aboriginal Medical Service, non-acute/community health centre/service, private outpatient service, outreach service to communities, where: a = accommodation rating of the Phase 2 cardiac rehabilitation program, b = program contained health education, c = program contained physical activity, d = program contained counselling, e = program contained behaviour modification, f = program contained self-support management, g = program contained cultural understanding, h = program is delivered in a group and individual setting, i = program is delivered via a telephone service, j = program is delivered via home visits, k = program is delivered via internet, l = program is run after hours, m = program is delivered via post, n = the total number of accommodation components
The National Heart Foundation of Australia and the Australian Cardiac Rehabilitation Association's, 'Recommended Framework for Cardiac Rehabilitation '04' recommends that a and exercise in a group setting, others found it inappropriate and unappealing. The Cardiac Rehabilitation Accessibility Survey gathered information on whether the Phase 2 cardiac rehabilitation programs ran group only, individual only, women only, and group and telephone service, home visits, internet, postal contact, or other. Most of the Phase 2 cardiac rehabilitation programs chose a number of these settings. Tod et al. (2002) found that some participants advocated the delivery of education The extra costs that were identified through the survey ranged from a gold coin donation per session to $60 per session. Gold coin donations were not seen as incurring an extra cost in the spatial model.
individual sessions. Information from the survey was included in the spatial model.
Affordability
The cost of cardiac rehabilitation can be seen as a barrier to many patients. Patients on a low income or who are socially deprived are less likely to attend but, as with elderly or female patients, may have the most to gain from secondary prevention because there is a linear relationship between socioeconomic disadvantage and subsequent outcome (Cooper et al. 2002) . Affordability for the spatial model was derived from the data obtained from the Cardiac Rehabilitation Accessibility Survey from the following question: 'Is there a cost associated with attending your cardiac rehabilitation program that is not covered by medicare? 
Model validation
Patient attendance data were obtained from The Heart Research Centre, Melbourne, Australia. The patient attendance data comprised 118 coronary artery bypass graft surgery (CABGS) patients from the Royal Melbourne Hospital between July 2001 and April 2004 (Higgins et al. 2008, p. 712) . Patients were excluded from the data set if they were over 85 years of age, were subsequently assigned to a non-CABGS procedure, or failed to return the questionnaire before surgery. Cardiac rehabilitation attendance was defined as having attended at least one cardiac rehabilitation session and was confirmed by contacting the relevant cardiac rehabilitation program coordinators (Higgins et al. 2008, p. 712) .
The results from the Spatial Model of Accessibility to Phase 2 Cardiac Rehabilitation Programs were overlaid with the locations of patients who attended and those who did not attend Phase 2 cardiac rehabilitation and accessibility values were obtained for each of the patient locations. Patients with higher accessibility ratings from the Spatial Model of Accessibility to Phase 2 Cardiac Rehabilitation were found to have been more likely to have attended cardiac rehabilitation (Pearson correlation .308 (P > .0001, 95 percent CI .1350 to .4632). The correlation between patient attendance at cardiac rehabilitation and the accessibility rating from the Spatial Model of Accessibility to Phase 2 Cardiac Rehabilitation can also be seen spatially in Figure 4 . This figure clearly shows that as accessibility to the cardiac rehabilitation program decreases patient non-attendance occurs.
Results
The Spatial Model of Accessibility to Phase 2 Cardiac Rehabilitation Programs has combined a synthesis of published cardiac rehabilitation literature on the barriers to accessing Acceptability Penchansky and Thomas (1981) describe acceptability as the client's views of health services and how service providers interact with clients. Clark et al. (2004) state that while the evidence underpinning cardiac rehabilitation suggests that it can be of benefit, poor attendance rates mean that services often fail to help those in need. Therefore the completion rate of patients participating in a Phase 2 cardiac rehabilitation program would provide a view of the acceptance of the program by the patients. In the spatial model the acceptability rating component was derived by calculating the percentage of all patients who enrolled and completed the program.
Spatial modelling
The spatial accessibility model for Phase 2 cardiac rehabilitation was created using ESRI ArcGIS version 9.3.1, ESRI Network Analyst (Figure 2) . The results from the Cardiac Accessibility Survey for the socio-economic dimensions of accessibility as defined by Penchansky and Thomas (1981) were combined to give an overall rating of accessibility for each of the Phase 2 cardiac rehabilitation programs across Australia that responded to the survey (Figure 3 ). This included a rating for the programs' availability, accommodation, affordability and acceptability. The overall accessibility ratings for each of the Phase 2 cardiac rehabilitation programs were then combined with the road network from Geoscience Australia and the distance decay curve of patients attending cardiac rehabilitation to construct accessibility raster cost distance surfaces along the road network from each of the Phase 2 cardiac rehabilitation programs. Rasters for each of the Phase 2 cardiac rehabilitation programs were then overlayed and ESRI's Spatial Analyst was used to show the maximum accessibility value for each cell. model of accessibility to Phase 2 cardiac rehabilitation programs within Australia.
By spatially modelling the accessibility, availability, accommodation, affordability and acceptability to each Phase 2 cardiac rehabilitation program, it is possible to identify areas where accessibility to cardiac rehabilitation could be improved. The spatial accessibility model for Phase 2 cardiac rehabilitation provides health service planners with new information on the accessibility of outpatient cardiac rehabilitation within Australia. The model has been used to identify areas where accessibility to these programs could be improved and where new programs or models of delivery should be established to enhance accessibility in areas that are currently poorly served. Improving access to Phase 2 cardiac rehabilitation will be necessary to cope with an ageing population and falling cardiovascular death rates.
The development of the Spatial Model of Accessibility of Phase 2 Cardiac Rehabilitation has highlighted the complexity and multi-dimensional nature of defining and measuring accessibility to health services and has emphasised that the concept of accessibility is more than a measure of distance from a health service to a population. The development of the Spatial Model of Accessibility to Phase 2 Cardiac Rehabilitation has shown that it is possible to include both socio-economic and geographical components to create a tool to measure accessibility. While this study has focused on measuring the accessibility to Phase 2 cardiac rehabilitation programs within Australia, the methodology behind the model could be utilised to develop similar spatial models to measure accessibility to Phase 2 cardiac rehabilitation in other countries and for measuring access to other services.
Results from this study also highlight the need for further research into the issues between service users and providers within the field of health service provision. The Spatial Model of cardiac rehabilitation through a theoretical framework of accessibility with a geographical information system (GIS) to create a practical methodology which can be used to measure the accessibility to Phase 2 cardiac rehabilitation. By using the Spatial Model of Accessibility to Phase 2 Cardiac Rehabilitation Programs with data obtained from the Cardiac Rehabilitation Accessibility Survey it has been possible to measure the accessibility of Phase 2 cardiac rehabilitation programs within Australia.
The model has revealed that the accessibility of Phase 2 cardiac rehabilitation programs in 2007/08 was extremely variable across Australia. As can be seen in Figure 5 , most rural and remote localities in Australia had no access to Phase 2 cardiac rehabilitation programs and access to programs in metropolitan areas in some areas is also low despite services being available.
This research has shown that while studies like Clark et al. (2007) highlight the inequitable distribution of cardiovascular services in Australia, barriers to accessing cardiac rehabilitation services are not just related to physical distance and the availability of reliable transport (National Health and Medical Research Council 2007) . Accessibility to cardiac rehabilitation is a multifaceted phenomenon with both geographic and socio-economic factors influencing the accessibility of the service.
Discussion
While there have been a number of methodologies developed for measuring the geographical accessibility of cardiac services, there have been no methodologies that have incorporated socio-economic and geographic aspects of accessibility for cardiac rehabilitation services. This research has therefore provided a new perspective to measuring accessibility to Phase 2 cardiac rehabilitation and has highlighted that it is possible to apply the theoretical concepts of accessibility to create, a practical spatial Accessibility to Phase 2 Cardiac Rehabilitation Programs that was developed as part of this study is currently only a general model. Further refinements to the model could be made so that the accessibility to Phase 2 cardiac rehabilitation programs could be measured depending on the characteristics of the individual users. For example pensioners and professionals who want to access a Phase 2 cardiac rehabilitation program will consider different issues as barriers to accessing the service, therefore enhancing the existing model to incorporate a number of different user types would provide an even better measure of the accessibility of the service to the users whom they are attempting to support.
